Beta blockade and the specialized conduction system of the heart, (abst.) Circulation 30; suppl. 3: 160, 1964.
• The effects of changes in sympathetic activity on electrophysiologic properties of the heart are not clearly defined. In a previous report Wallace and Sarnoff 1 demonstrated that stimulation of cardiac branches of the stellate ganglion enhanced conduction through the A-V node, but had no effect on conduction in Purkinje tissue or the sequence of ventricular activation. Their study was performed on anesthetized dogs in which cardiac sympathetic activity might have been excessive; since it concerned only the effects of augmenting sympathetic discharge, it did not include observations over the full range of sympathetic influence.
Recently, beta adrenergic blocking agents have been shown to antagonize cardiac responses to sympathetic stimulation 2 and to possess potent anti-arrhythmic properties. 3 The experiments described in this report were designed to explore the electrophysiologic consequences of adrenergic stimulation as well as blockade in awake dogs, and to examine certain influences of the beta blocking agents which may be important to their anti-arrhythmic action. dogs weighing 12 to 18 kg. Bipolar recording electrodes were implanted in each animal on the bundle of His, on the right Purkinje papillary junction, and on the region of the S-A node by techniques described previously. 1 Two of the dogs also had bipolar pacing electrodes implanted on the right atrial appendage. The animals were allowed to recover from the operative procedure and were studied four to twelve weeks later.
Signals from each electrode were amplified with Tektronix 122 preamplifiers. The electrograms were recorded on a Consolidated Electrodynamics 5-119 oscillograph at a paper speed of 4 inches/sec. Frequencies below 80 cycles/sec and above 1000 cycles/sec were filtered to sharpen the desired signals. Lead n of the standard electrocardiogram also was recorded from each animal. From the above electrograms sinus rate, A-V nodal delay (atrial septum to His interval) and conduction in Purkinje tissue (His to Purkinje interval) were measured. The interval between His and the base of the interventricular septum was used as an index of total ventricular activation time. 1 ' 4 At the recording speed of 4 inches/sec intervals could be measured reproducibly to the nearest 1.0 msec.
In dogs with pacing electrodes, the refractory period and excitability of atrial muscle were estimated by strength-interval and strength-duration curves." In each animal the heart was paced through a bipolar electrode at a rate of 150 beats /min. Strength-interval curves were obtained by determining the current necessary to induce a premature atrial beat with a pulse of 5 msec duration delivered at intervals after the basic pacing stimulus. Strength-duration curves were obtained by determining the current required to induce premature atrial beats after the end of refractoriness. This was accomplished with pulses of varying duration delivered at a fixed interval (225 msec) after the basic pacing stimulus.
The following protocol was followed in these experiments. Each of three dogs was studied on six separate occasions. The responses to isoproterenol and beta blockade were examined when the animals were awake and had not received any medication, awake following atropinization, and following induction of light anesthesia. One dog destroyed his electrode wires before all ELECTROPHYSIOLOGIC EFFECTS OF BETA BLOCKADE 141 studies were completed. Those experiments which had not been performed on that dog were performed on an additional animal and are included in the tabulated results. In studies in which atropine was used, 1 mg was given intravenously. In studies on anesthetized animals, anesthesia was induced with 10 mg/kg of thiamylal* given intravenously, and supplemented when the animal showed signs of arousal.
The dogs received an intravenous injection of 10 fig of isoproterenolt before and after administration of the beta blocking agent. Beta blockade was accomplished on separate occasions with pronethalolt (2 mg/kg) and with propranololi (0.2 mg/kg). These dosages of the beta blocking agents were selected because preliminary experiments had shown them to be the minimal doses required to abolish the chronotropic response to 10 yu, g of isoproterenol. Each of the beta blocking agents was given in divided doses intravenously over a 10-to 20-minute period and all observa- tions were made within 30 minutes after the total dose had been administered.
Results

EFFECTS OF ISOPROTERENOL ON CONDUCTION
The responses to injection of 10 jig of isoproterenol were recorded in each of three animals before and after beta adrenergic blockade. The results obtained in awake, untreated animals are summarized in table 1 (expt. 1, 2, 3), and records from one such experiment are shown in figure 1. Isoproterenol produced a marked increase of heart rate and a decrease in the A-V nodal delay (A-H interval), but resulted in no change of conduction in the Purkinje system (H-P interval) or ventricular activation time (H-S interval). Following adrenergic blockade the effects of isoproterenol were abolished completely ( fig. 1 ).
EFFECTS OF BETA BLOCKADE ON CONDUCTION
The influence of propranolol (0.2 mg/kg) on heart rate and conduction in awake animals is shown in table 2 (expt. 10, 11, 12) . Beta blockade resulted in little change of heart rate or of atrioventricular conduction time, and no change of conduction velocity in the Purkinje system or ventricular activation time. Two animals demonstrated sinus arrhythmia which was reduced but not abolished by propranolol. Figure 1 shows tracings which illustrate the effects of propranolol.
The effects of pronethalol (2.0 mg/kg) on heart rate and conduction were examined in the same dogs, table 3 (expt. 19, 20, 21), under similar conditions. In contrast to propranolol, pronethalol resulted in a substantial increase in heart rate, abolished sinus arrhythmia, decreased the A-H interval and Effects of isoproterenol before and after adrenergic blockade with propranolol in an awake unrestrained dog. produced a small but consistent increase in ventricular activation time. Three awake dogs were given atropine prior to adrenergic blockade. In all animals atropinization resulted in a substantially greater heart rate during the control period, table 1 (expt. 4, 5, 6) . In atropinized dogs, propranolol produced a consistent reduction in heart rate of approximately 50 beats/ min.
Other than the heart rate responses, atropine did not alter the effects of beta blockade, table 2 (expt. 13, 14, 15) and figure 2 . In atropinized animals pronethalol produced little change of heart rate, in contrast to the tachycardia noted in unatropinized animals. Atropine did not alter the response of other variables to beta blockade with pronethalol, table 3 (expt. 22,23,24). 'Effects of the beta blocking agent were studied in the same three animals awake, following the intravenous administration of 1.0 mg of atropine, and following induction of light anesthesia with 10 mg/kg of thiamylal. Abbrevations as in table 1. •Effects of the beta blocking agent were studied in the same three animals awake, following the intravenous administration of 1.0 mg of atropine, and following induction of light anesthesia with 10 mg/kg of thiamylal. Experiment no. 26 was performed in a fourth dog. Abbreviations as in table 1. The effects of beta blockade were also evaluated following light anesthesia. In each study, observations following induction served as the control measurements. The effects of anesthesia alone are shown in table 1 (expt. 7, 8, 9) . In anesthetized animals propranolol decreased heart rate slightly to moderately, lengthened A-V conduction time, and produced no change of conduction velocity in Purkinje tissue. In contrast to findings in awake animals, propranolol increased ventricular activation time slightly but consistently, table 2 (expt. 16, 17, 18) . Pronethalol produced qualitatively similar changes in awake and anesthetized animals. In each dog, however, the depressive action of pronethalol on ventricular activation time was greater when anesthetized than when awake, table 3 (expt. 24, 26, 27) and in one dog (expt. 26) pronethalol depressed conduction in Purkinje. Figure 3 shows tracings which illustrate the effects of pronethalol in an anesthetized animal.
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BETA BLOCKADE ON REFRACTORY PERIOD AND EXCITABILITY
The refractory period and excitability of atrial muscle were measured in two awake dogs before and after adrenergic blockade. Propranolol had no measurable effect on either the strength-interval or the strengthduration plots ( fig. 4, panels A and B) . The effects of pronethalol on refractory period and excitability are shown in figure 4 , panels C and D. Pronethalol lengthened the refractory period of atrial muscle in both animals, but did not alter the strength-duration curve.
Discussion
The studies described in this report show that in awake dogs stimulation of cardiac adrenergic receptors by isoproterenol fails to alter conduction in Purkinje tissue or the activation time of the ventricles. Furthermore, these experiments demonstrate that blockade of adrenergic receptors with propranolol also has no effect on conduction in the Purkinje system or ventricular activation. The above
A.
B. results are in accord with previous data which have shown that catecholamines do not alter depolarization of specialized fibers 7 or of ventricle muscle, 8 and they confirm and extend the view that sympathetic activity has no major influence on the activation time of the normal ventricle. 1 It is worth emphasizing that these conclusions pertain only to the normal ventricle, because recent studies by Priola and Randall 9 suggest that, if conduction is depressed so that QRS duration approaches twice the normal value for dogs, sympathetic augmentation under these conditions can reduce ventricular activation time markedly. In contrast to propranolol, pronethalol was noted to prolong ventricular activation time in awake dogs. In part, the difference between the two may have been related to the different doses required to achieve beta blockade. However, since catecholamines do not modify depolarization , 7> 8 and since pro- Vol. XV111, February 1966 nethalol has a potent quinidine-like action on depolarization, 10 it seems probable that the action of pronethalol on conduction was an extra-adrenergic effect. Pronethalol produced also an unexpected increase in heart rate and decrease in A-V conduction time. Since the increase in heart rate could be abolished by prior administration of atropine an anticholinergic action of pronethalol seems likely. Atropinization did not prevent a decrease in A-V conduction time, a finding which suggests that pronethalol has some sympathomimetic effects. The view that pronethalol has anticholinergic properties was suggested by James et al. 11 who demonstrated that this agent blocked the heart rate response to vagal nerve stimulation. An antivagal effect also may have accounted for prolongation of the atrial refractory period following administration of pronethalol.
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Propranolol produced little or no change in heart rate or A-V conduction in awake animals, and resulted in bradycardia and prolonged A-V conduction in atropinized dogs.
Effects of adrenergic blockade on refractory period (strength-interval plots) and excitability (strength-duration plots) of atrial muscle. A t -A 2 refers to the interval between the basic pacing stimulus A t and a premature stimulus
These findings indicate that propranolol has little if any antivagal or sympathomimetic action. Furthermore, these findings suggest that under the conditions of these experiments, the heart of awake unrestrained dogs is under minimal sympathetic influence. Because certain of the studies which have shown a prominent effect of sympathetic stimulation on ventricular excitation were done on anesthetized animals 9 we believed it would be interesting to examine the effects of anesthesia on conduction and to compare the effects of beta blocking agents in awake and anesthetized dogs. Light barbiturate anesthesia produced a prolongation of ventricular activation in every animal tested. Beta blocking agents appeared to act additively and perhaps synergistically with the anesthetic in this regard. Thus propranolol prolonged ventricular activation in anesthetized animals, an effect not observed when the same animals were studied awake. Similarly pronethalol, which had only a minimal effect in awake animals, produced moderate prolongation of ventricular activa- tion following anesthesia. Since anesthetics and pronethalol both appear to suppress conduction, this may well explain their additive effects on ventricular activation. These experiments thus provide evidence that beta blocking agents exert quantitatively as well as qualitatively different effects in awake and anesthetized dogs. Of interest in this regard is the fact that pronethalol is structurally similar to several local anesthetics and is itself a local anesthetic at least as potent as procaine. 12 In contrast to their negligible effect on conduction in muscle and Purkinje tissue, catecholamines exert a prominent influence on the rhythmicity of established pacemakers, 8 ' u and can induce automatism in fibers which otherwise lack this property. 7 ' 14> ir> It is not surprising, therefore, that beta adrenergic blocking agents have received considerable attention as anti-arrhythmic drugs. 3 ' lc However, the mechanism of their anti-arrhythmic action has not been clarified. In our experiments, neither propranolol nor pronethalol altered the excitability of atrial muscle in doses which have been shown to have antiarrhythmic properties. 17 We did not measure their effects on ventricular excitability; however, Singer and his associates 18 have shown that pronethalol exerts effects on atrial muscle at lower doses than those required to influence the ventricle. It would appear, therefore, that the anti-arrhythmic action of adrenergic antagonists is not dependent upon an effect on excitability.
Summary
In awake, unrestrained animals beta adrenergic stimulation by isoproterenol increased heart rate and enhanced A-V conduction with no change of conduction in Purkinje tissue or ventricular activation time. The chronotropic and dromotropic responses to isoproterenol were abolished completely by the adrenergic antagonists, propranolol (0.2 mg/ kg) and pronethalol (2 mg/kg). Beta adrenergic blockade with propranolol produced no significant change of heart rate, A-V conduction, conduction velocity in Purkinje tissue, or ventricular activation time. In contrast to the above, pronethalol produced tachycardia, enhanced A-V conduction and prolonged ventricular activation slightly. The tachycardia which followed pronethalol was largely a consequence of vagal inhibition since it could be nearly abolished by prior administration of atropine. Propranolol produced no changes in the refractory period or excitability of atrial muscle. Pronethalol did not alter the excitability of atrial muscle but did prolong the atrial refractory period. Barbiturate anesthesia was found to prolong ventricular activation time, and in anesthetized animals both propranolol and pronethalol caused further depression of conduction.
These data support the view that cardiac fibers which has little or no influence on conduction in the ventricle, and suggest that the intensity of sympathetic activity in awake, unrestrained dogs is minimal. The differences in the responses of unanesthetized animals to propranolol and to pronethalol indicate that the latter agent has significant anticholinergic properties as well as certain extra-adrenergic actions on conduction. Failure of blocking doses of both the above agents to alter diastolic thresholds indicates that their anti-arrhythmic properties are not related to an effect on excitability. Beta adrenergic blocking agents appear to exert qualitatively as well as quantitatively different effects in awake and anesthetized preparations, an observation which should be taken into consideration when evaluating the pharmacologic properties of these compounds.
